Objective To examine how multimorbidity might affect progression along the continuum of care among older adults with hypertension, diabetes and human immunodeficiency virus (HIV) infection in rural South Africa. Methods We analysed data from 4447 people aged 40 years or older who were enrolled in a longitudinal study in Agincourt sub-district. Household-based interviews were completed between November 2014 and November 2015. For hypertension and diabetes (2813 and 512 people, respectively), we defined concordant conditions as other cardiometabolic conditions, and discordant conditions as mental disorders or HIV infection. For HIV infection (1027 people) we defined any other conditions as discordant. Regression models were fitted to assess the relationship between the type of multimorbidity and progression along the care continuum and the likelihood of patients being in each stage of care for the index condition (four stages from testing to treatment). Findings People with hypertension or diabetes plus other cardiometabolic conditions were more like to progress through the care continuum for the index condition than those without cardiometabolic conditions (relative risk, RR: 1.14, 95% confidence interval, CI: 1.09-1.20, and RR: 2.18, 95% CI: 1.52-3.26, respectively). Having discordant comorbidity was associated with greater progression in care for those with hypertension but not diabetes. Those with HIV infection plus cardiometabolic conditions had less progress in the stages of care compared with those without such conditions (RR: 0.86, 95% CI: 0.80-0.92). Conclusion Patients with concordant conditions were more likely to progress further along the care continuum, while those with discordant multimorbidity tended not to progress beyond diagnosis. 
Introduction
Increases in ageing populations in low-and middle-income countries has contributed to a rising prevalence of multimorbidity, commonly defined as persons with more than one medical condition. 1 Previous studies have found that multimorbidity is associated with poorer clinical outcomes, 2 higher health expenditure and frequency of service use, [3] [4] [5] [6] higher use of secondary than primary care, 7, 8 and higher hospitalization rates among patients. 3, 6, 9 One limitation in the existing literature is that studies of multimorbidity often focus on simple counts of medical conditions. However, different combinations of diseases may affect a person's health and health care differently. To account for these differences, disease combinations can be categorized as either concordant (similar in risk profile and management) or discordant (not directly related in pathogenesis or management). 10 Theoretically, concordant conditions are more likely to be diagnosed and treated along with the index condition, because clinical guidelines often incorporate their interactions. For discordant conditions, however, the competing demands of dealing with different conditions may affect the quality of care provided. 11 Previous studies in high-income settings found that patients with diabetes 12, 13 or hypertension 14, 15 had higher odds of achieving testing and control goals when they had concordant conditions than discordant conditions. Diabetes patients with discordant conditions, on the other hand, had higher unplanned use of hospital services and specialized care than those with concordant conditions. 16 Little is known about the care of patients with human immunodeficiency virus (HIV) and multimorbidity, although studies in the United States of America found that patients with HIV received poorer care for their coexisting conditions than did those without HIV. [17] [18] [19] Much less is known about how the type of multimorbidity (concordant or discordant) affects a person's progression along the continuum of care in low-and middle-income countries. Our study aimed to fill this gap by studying the progression along the care continuum among people in South Africa with hypertension, diabetes or HIV infection, all prominent conditions contributing to the complex health transition underway in the country. Furthermore, this study assessed the effect of the type of multimorbidity on HIV care (and not on non-HIV comorbidities) among patients infected with HIV.
Methods

Study design
We analysed cross-sectional data from patients enrolled in the Health and Aging in Africa: a Longitudinal Study of an INDEPTH Community in South Africa. The main study is based the sub-district of Agincourt, in the Bushbuckridge area of Mpumalanga province in South Africa. 20 The study enrolled 5059 participants aged 40 years and older. Household-based interviews were completed between November 2014 and November 2015 using a primary survey instrument to collect data about respondents' demographic profile, medical conditions and economic status. More details on data collection are described elsewhere. 21 The study received ethical approvals from the University of the Witwatersrand human research ethics committee, the Mpumalanga province research and ethics committee, and the Harvard T.H. Chan School of Public Health office of human research administration.
Study setting
The Agincourt sub-district has six clinics and two health centres, and there are three district hospitals located 25-60 km from the study site. 20, 22 Primary healthcare services are free of charge and most of out-of-pocket health expenditure for patients is incurred for transport, caregiver costs or private health care.
The Integrated Chronic Disease Management model was recently introduced in South Africa to address several elements of managing multimorbidity, including standardized clinical care based on national treatment protocols, and promotion of disease monitoring and management among patients. [23] [24] [25] In Agincourt, a patient with any symptom or disease arriving at a local clinic will be received by a nurse who is expected to address all the patient's needs. Those who visit the clinic primarily for HIV testing are directed to a nearby building staffed by health workers tasked solely with HIV testing. Patients are referred for the same management as other patients only if they are diagnosed as HIV positive.
Definitions
For this analysis, we studied three index conditions: (i) hypertension; (ii) diabetes; and (iii) HIV infection. We defined an index condition as a reference condition for which the continuum of care was evaluated, not as the time sequence in occurrence or diagnosis of multiple conditions. 26 For example, for an individual with hypertension plus other conditions, we assigned hypertension as the index condition and evaluated progression along the continuum of care for hypertension in relation to the presence of different types of either concordant or discordant multimorbidity. In addition to the three index conditions, we selected five others as concordant or discordant conditions: (i) dyslipidaemia; (ii) angina; (iii) depression; (iv) post-traumatic stress disorder; and (v) alcohol dependence. We ascertained the presence of the medical conditions based on the clinical diagnosis or clear clinical criteria (Box 1). We selected the medical conditions according to the data that were available in the main study, described in detail elsewhere. 31 We determined concordance and discordance based on the risk factors and multimorbidities for diagnosis and treatment in the South African national guidelines for hypertension and diabetes. [32] [33] [34] We found no definition of concordant diseases beyond opportunistic infections in the national HIV guidelines. For people with hypertension, we categorized other cardiometabolic conditions (dyslipidaemia, diabetes and angina) as concordant conditions, and mental disorders (depression, post-traumatic stress disorder and alcohol dependence) and HIV infection as discordant. Similarly, for people with diabetes, we classified other cardiometabolic conditions (hypertension, dyslipidaemia and angina) as concordant conditions, and mental disorders and HIV infection as discordant. For people with HIV, we considered any of the other conditions as discordant.
We defined the continuum of care for each index condition by four sequential stages of care for a patient: being tested for the disease (stage 1), knowing his or her diagnosis (stage 2), ever being initiated on treatment (stage 3) and currently being retained on treatment (stage 4). For hypertension and diabetes, the stage reached was determined from a patient's self-reporting. For HIV, we relied on both self-reported status and blood test results to determine progression. Patients with dried blood-spot results that showed exposure to antiretroviral therapy (ART) were considered to have reached the treatment stage and all preceding stages, even if they selfreported otherwise.
Statistical analyses
We first conducted descriptive analyses of the prevalence of the three index conditions as well as the prevalence of concordant and discordant conditions Box 1. Definitions of conditions in the study of multimorbidity and the care continuum in Agincourt sub-district, South Africa
Index conditions
Hypertension was defined as either mean systolic blood pressure ≥ 140 mmHg and mean diastolic blood pressure ≥ 90 mmHg or patients' self-report of receiving current treatment. Diabetes was defined as fasting blood glucose ≥ 126 mg/dL (defined as patients whose last meal was > 8 hours before specimen collection), non-fasting blood glucose ≥ 200 mg/dL or self-reported current treatment. Human immunodeficiency virus (HIV) status was ascertained either from collected dried blood spots that showed HIV infection or exposure to antiretroviral therapy or self-reported disease status.
Concordant and discordant conditions
Dyslipidaemia was one of the following criteria: self-reported disease status; elevated total cholesterol (≥ 6.21 mmol/L); low high-density lipoprotein cholesterol (1.19 mmol/L); elevated low-density lipoprotein cholesterol (> 4.10 mmol/L); elevated triglycerides (> 2.25 mmol/L). Angina was diagnosed using the Rose chest pain questionnaire. 27 Depression was defined as three or more symptoms of depression on the Center for Epidemiological Studies depression scale 8-item questionnaire. 28 Post-traumatic stress disorder was diagnosed as four or more symptoms on a seven-symptom screening scale. 29 Alcohol dependence was defined using the CAGE questionnaire. 30 
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by key sociodemographic covariates. Next, we constructed a count variable for each index condition to signify how many stages each respondent with that index condition had advanced along the corresponding continuum of care for that index condition, with a minimum count of zero and maximum of four. We fitted quasi-Poisson regression models to analyse the relationship between the number of stages respondents reached in the continuum of care and the type of multimorbidity. We used a series of logistic regression models to estimate the odds ratio (OR) and 95% confidence interval (CI) for associations between either concordant or discordant multimorbidities and the odds of advancing to each stage of the care continuum, conditional on having reached the previous stage. In the case of diagnosis, the logistic regression modelled the unconditional odds. We adjusted all regression models for sociodemographic covariates, including age, sex, education, country of origin, marital status, household size, employment status, having limitations in activities of daily living and wealth (measured in quintiles based on household asset ownership) and synthesized these using standard methods. 35 All analyses were conducted in R software version 3.3.1 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Complete data on disease prevalence and continuum of care were available for 4447 respondents (88% of the whole sample of 5059). We excluded 135 people due to missing data about disease status of at least one disease category and 477 people due to missing dried bloodspot samples. Multimorbidity and the care continuum, South Africa Angela Y Chang et al. (. . .continued)
139 (27%) had mental disorders and 77 (15%) were HIV positive. Among patients with HIV infection, 728 (71%) presented with cardiometabolic conditions and 181 (18%) with mental disorders. Reflecting the wider population profile, people with HIV tended to be younger, poorer, in employment and separated from partners compared with those with hypertension and diabetes. 
Continuum of care
Stages of care reached
Hypertension
Looking more closely at each stage of the continuum, having discordant medical conditions was associated with a higher likelihood of being tested for hypertension. This was true both among the entire 
HIV infection
In contrast with hypertension and diabetes, having HIV and cardiometabolic (discordant) conditions was associated with worse care for HIV patients. The odds were 54% lower for knowing their HIV status (OR: 0.46; 95% CI: 0.30-0.69) and 68% lower for ever receiving ART (OR: 0.32; 95% CI: 0.09-0.87; Table 4 ; Fig. 4) . Data for the adjusted odds ratios for each covariate by stage of care reached are available from the corresponding author.
Discussion
In line with theories and empirical findings from high-income settings, [12] [13] [14] we found that having concordant conditions was associated with a higher likelihood of progressing further along the continuum of care for hypertension and diabetes in our study population. This may be explained by the emphasis that the South African hypertension guidelines place on diabetes and dyslipidaemia as important comorbidities, 32,33 These guidelines do not give much emphasis to HIV, although both mention it, and neither mention mental disorders. Moreover, providers may be more inclined to treat concordant conditions urgently to reach the target treatment outcomes for the index condition. For example, treating dyslipidaemia in patients may lead to targeting blood pressure control, because of the benefits of preventing the progression of coronary artery diseases. 36 On the other hand, having discordant conditions was not associated with worse care progression for hypertension and diabetes, contrary to experience in high-income settings. 11, 13 Although some studies have shown that mental disorders are associated with poorer progression in care for cardiometabolic conditions, 36 we did not find a significant effect. Negative findings were observed only among people with HIV, where the presence of cardiometabolic (discordant) conditions was associated with less progress in HIV care. This is a concerning finding given that both HIV infection and the use of ART have been associated with increased risk of coronary heart disease and myocardial infarction. 37, 38 Previous studies found lower quality of care for non-HIV conditions among HIV patients. [17] [18] [19] Factors that may have contributed to those findings include the lack of specific guidelines for HIV patients for treating diseases other than opportunistic infections; prioritization of short-term health needs; and the difficulty of balancing the demands of caring for complex patients with other medical and psychosocial problems.
Comparing across each stage in the continuum of care, both hypertension and diabetes patients with concordant or discordant conditions had a higher likelihood of reaching the first stages of care. This may be due to the lower opportunity costs involved for health-care providers and patients in relation to testing and diagnosis, versus those related to initiation and 
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adherence to treatment. Testing and diagnosing hypertension involve simple procedures with relatively little effort required by providers, and thus the presence of any type of multimorbidity may increase the chance that the patient will be tested. However, the positive effect of discordant diseases may recede as the opportunity cost increases, as is the case for being initiated on and supported to adhere to treatment. More effort is required on the part of the practitioner to determine the right regimen, initiate the treatment, provide counselling on adherence and follow-up regularly to ensure the desired outcomes are met.
Patients who have non-diabetes cardiometabolic conditions may be tested for diabetes, given the overlap in the risk factors, pathophysiological pathways and treatment guidelines. We did not see this positive effect of multimorbidity among people who were HIV-infected, perhaps due to stigma, practitioners' lower awareness of HIV among older people and the fact HIV testing requires more complex laboratory-based assessment than measuring blood pressure. Furthermore, we suggest that the negative association between HIV care and having cardiometabolic diseases may relate in part to how the clinics in Agincourt are organized. The separate procedure for HIV testing may explain why people with only HIV and no other conditions were more likely to be diagnosed with HIV conditional on being tested since they likely entered the clinic solely for receiving HIV care.
The findings also imply that the objective of the South Africa's Integrated Chronic Disease Management model may not yet be realized. While not examined empirically in our study, barriers such as long waiting times, staff shortages and drug stock-outs may have negatively impacted the implementation of the management model and resulted in fewer visits made by the patients and shorter consultation times with providers. 25 The nurses may not be trained to diagnose or manage all diseases, and, given time constraints, they are often only able to address the patient's chief complaint and, in some cases, the concordant diseases that are listed in the guidelines. 25 For nationwide implementation of the integrated chronic disease management model, our findings suggest the need for improvements in leveraging one programme (such as the HIV programme) for scaling-up services for another condition (such as noncommunicable disease services), for example by putting more effort into ensuring patient engagement in stages with higher opportunity costs. There may be potential for benefits through the introduction of programmes, such as the Sustainable East Africa Research in Community Health's campaign and the United States President's Emergency Plan for AIDS Relief. [39] [40] [41] Implementing such joint programmes would make cardiometabolic disease management available alongside HIV services to bring populations with different types of multimorbidity into care.
Our study is subject to several limitations. First, we assessed whether the presence of a concordant or discordant condition was associated with progression in the care continuum, not whether being in care for one disease leads to being in care for another. Due to the cross-sectional nature of this study, we could not determine the time sequencing of the conditions or the care progression. We were also unable to assess causality on which type of multimorbidity affects care progression. Second, while the prevalence of the three index conditions and the concordant and discordant conditions were based on clinical criteria, data on the stages to which people progressed were selfreported, and our results therefore may have over-or underestimated coverage of different services. As the excluded samples were most commonly due to missing HIV measurements (due to patients' refusal to be tested), it is likely that we have underestimated the prevalence of HIV infection. The HIV prevalence within the sample is similar to the prevalence level found earlier in Agincourt. 42 Third, all conditions within the cardiometabolic and mental conditions were weighted equally, whereas it is plausible that specific combinations of diseases are associated with higher likelihood of progressing further along the care continuum. Finally, the study's comparability with existing studies and generalizability to settings with low HIV prevalence may be limited.
We conclude that the presence of any type of multimorbidity is associated with a higher likelihood of being in stages of care with lower opportunity costs, while the presence of concordant conditions is associated with higher likelihood of being in stages with higher opportunity costs. Our findings from a relatively typical setting in rural South Africa have policy implications for enhancing access to testing and treatment services to improve service coverage and population health in the country. While we could not corroborate causality, further research, informed by forthcoming waves of the main study, will improve our understanding of the impact of different types of multimorbidity on health outcomes and the use of health services. ■ 
Резюме
Отягощенность несколькими заболеваниями и медицинская помощь при гипертензии, диабете и ВИЧ у пожилых пациентов в сельских районах Южной Африки Цель Изучение влияния наличия нескольких заболеваний на ход оказания медицинской помощи пожилым пациентам, страдающим гипертензией, диабетом и инфицированных вирусом иммунодефицита человека (ВИЧ), которые проживают в сельских районах Южной Африки. Методы Авторы проанализировали данные 4447 пациентов в возрасте старше 40 лет, которые участвовали в лонгитюдном исследовании в субрайоне Аджинкорт. Опросы семейств проводились с ноября 2014 года по ноябрь 2015 года. Для гипертензии и диабета (2813 и 512 человек соответственно) были определены конкордантные состояния (такие как другие кардиометаболические расстройства) и дискордантные состояния (такие как психические расстройства или наличие ВИЧ-инфекции). При наличии ВИЧ-инфекции (1027 человек) все остальные заболевания определялись как дискордантные. Были построены регрессионные модели для оценки взаимозависимости между тем, заболевания какого типа выступают как сопутствующие, и ходом оказания медицинской помощи, а также для определения вероятности того, что пациент находится на той или иной стадии оказания помощи для индексного заболевания (четыре стадии -от тестирования до лечения). Результаты Пациенты с гипертензией или диабетом при наличии других кардиометаболических расстройств имели большую вероятность быстрого получения медицинской помощи по индексному заболеванию, чем пациенты без кардиометаболических расстройств (относительный риск, ОР: 1,14; 95%-й доверительный интервал, ДИ: 1,09-1,20 и ОР: 2,18; 95%-й ДИ: 1,52-3,26 соответственно). Наличие дискордантных сопутствующих заболеваний ассоциировалось с более быстрым получением медицинской помощи в случае гипертензии, но не в случае диабета. Пациенты с ВИЧ и кардиометаболическими расстройствами отставали в получении помощи по стадиям ухода в сравнении с пациентами, не имеющими таких расстройств (ОР: 0,86; 95%-й ДИ: 0,80-0,92). Вывод Пациенты с конкордантными расстройствами имели большую вероятность быстрого получения медицинской помощи, а пациенты с наличием нескольких дискордантных заболеваний обычно не продвигались далее постановки диагноза.
Resumen
Multimorbilidad y atención para la hipertensión, la diabetes y el VIH en los adultos de mayor edad de las zonas rurales de Sudáfrica Objetivo Examinar cómo la multimorbilidad podría afectar la progresión en la continuidad de la atención entre los adultos de mayor edad con hipertensión, diabetes e infección por el virus de inmunodeficiencia humana (VIH) en las zonas rurales de Sudáfrica. Métodos Se analizaron los datos de 4447 personas de 40 años o más inscritas en un estudio longitudinal en el subdistrito de Agincourt. Las entrevistas domésticas se realizaron entre noviembre de 2014 y noviembre de 2015. Para la hipertensión y la diabetes (2813 y 512 personas, respectivamente), se definieron las afecciones concordantes como otras afecciones cardiometabólicas y las afecciones discordantes como trastornos mentales o infección por VIH. Para la infección por VIH (1027 personas) se definió cualquier otra condición como discordante. Se ajustaron los modelos de regresión para evaluar la relación entre el tipo de multimorbilidad y la progresión en la continuidad de la atención y la probabilidad de que los pacientes pasen por cada etapa de atención para la afección en cuestión (cuatro etapas desde la prueba hasta el tratamiento).
Resultados Las personas con hipertensión o diabetes además de otras afecciones cardiometabólicas tenían más probabilidades de progresar en la continuidad de la atención para la afección en cuestión que las que no tenían afecciones cardiometabólicas (riesgo relativo, RR: 1,14; intervalo de confianza, IC, del 95%: 1,09-1,20; y RR: 2,18, IC del 95%: 1,52-3,26, respectivamente). La comorbilidad discordante se asoció con una mayor progresión en la atención de los pacientes con hipertensión, pero no con diabetes. Aquellos con infección por VIH además de afecciones cardiometabólicas tuvieron un menor progreso en las etapas de atención en comparación con aquellos sin tales afecciones (RR: 0,86, IC del 95%: 0,80-0,92). Conclusión Los pacientes con afecciones concordantes eran más propensos a progresar más a lo largo de la continuidad de la atención, mientras que los pacientes con multimorbilidad discordante tendían a no progresar más allá del diagnóstico.
